1. Introduction {#sec1-pathogens-05-00041}
===============

Worldwide, the incidence of tick borne disease is increasing \[[@B1-pathogens-05-00041]\]. This includes tick borne rickettsiosis which is caused by the obligate intracellular bacteria belonging to the *Rickettsia* genus \[[@B2-pathogens-05-00041]\]. Rickettsiosis in humans is a potentially fatal febrile illness that can be categorised as scrub typhus, typhus group and spotted fever group rickettsioses \[[@B3-pathogens-05-00041]\]. Presently, 16 of the 25 known *Rickettsia* species have been identified as human pathogens \[[@B4-pathogens-05-00041]\]. *Rickettsia* are present in the tick salivary excretions and transferred to humans during the tick biting process \[[@B3-pathogens-05-00041]\]. In Australia, Flinders Island spotted fever is an Australian tick borne disease caused by *R. honei* (also known as strain TT-118). It was first discovered on Flinders Island, Tasmania, but has since been detected in clinical patients from other parts of Australia, including in South Australia \[[@B5-pathogens-05-00041],[@B6-pathogens-05-00041]\]. There has also been a reported cases of Flinders Island spotted fever in Nepal \[[@B7-pathogens-05-00041]\]. *Rickettsia honei* has also been detected in Thailand from larval *Ixodes* and *Rhipicephalus* ticks and *I. granulatus* from *Rattus rattus* and in Texas, USA, from *Amblyomma cajennense* ticks taken from cattle. However, the human pathogenicity of *R. honei* in Thailand and USA has not been confirmed \[[@B8-pathogens-05-00041]\].

Previously, Stenos *et al.* \[[@B9-pathogens-05-00041]\] examined reptile ticks *Bothriocroton hydrosauri* from Flinders Island, Australia, and detected *Rickettsia* via PCR in 63% (29/46) ticks. Subsequent sequencing of seven cell culture samples confirmed a 100% match to *R. honei*. The ticks had been collected from reptile hosts including 12 *Tiliqua nigrolutea* (blue tongue lizards), four *Agkistrodon contortic* (copperhead snakes) and three *Notechis scutatus* (tiger snakes). All blood samples collected from reptile hosts were negative for *Rickettsia*.

In South Australia, there have been confirmed cases of *R. honei* isolated from patients in the same geographical location known for *B. hydrosauri* \[[@B10-pathogens-05-00041]\]. However, *R. honei* has not been previously identified from South Australian *B. hydrosauri* but is considered likely to occur in this tick species due to the proximity of the disease and the ticks. This study used PCR to test for the presence of *Rickettsia* in *B. hydrosauri* collected from *Tiliqua rugosa* (the sleepy lizard) hosts found in the South Australian Murray Mallee (SAMM) region.

2. Results and Discussion {#sec2-pathogens-05-00041}
=========================

All of the 41 *B. hydrosauri* ticks tested were positive for *Rickettsia* DNA. We suspected the species would be *R. honei*, however, all of the eight sequenced *ompA* products (KX290293-KX290300) had 99% homology with an undescribed species (accession number: EU283837). The closest match with a named species was 95% with *Rickettsia tamurae* (accession number: DQ103259.1). Using PCR, the DNA from the 15 *T. rugosa* hosts blood samples were all negative.

This study is the first to positively identify *Rickettsia* from South Australian *B. hydrosauri* ticks but instead of the expected agent of Flinders Island Fever, *R. honei* we uncovered potentially a different, as yet uncharacterized, species. Our study has several important findings. First, it indicates that the reptile tick *B. hydrosauri* is possibly not the host of *R. honei* in the sampled area. Second, our results implicates *B. hydrosauri* as a potential vector of other species of *Rickettsia* and not just *R. honei.* Previous studies have only identified *Rickettsia* from *B. hydrosauri* ticks collected from Flinders Island, Tasmania \[[@B9-pathogens-05-00041]\].

Third, our findings indicate an extremely high prevalence of *Rickettsia* within the studied area in South Australia as all ticks tested were positive. Reports from Stenos \[[@B9-pathogens-05-00041]\] indicate a lower prevalence on Flinders Island, albeit of a different *Rickettsia*.

A forth outcome is our lack of detecting horizontal transmission of *Rickettsia* from tick to lizard and our results support vertical transmission although they do not exclude horizontal transmission being present. We did find that all life stages: adult, larval, and nymph; tested positive for *Rickettsia*. Transovarial transmission has been demonstrated for some *Rickettsia* species \[[@B11-pathogens-05-00041]\]. The presence of *Rickettsia* in the *B. hydrosauri* larvae further supports this mode of transmission. This supports the findings by Stenos *et al.* \[[@B9-pathogens-05-00041]\] that did not detect *R. honei* from any reptile hosts carrying *Rickettsia* positive ticks. The negative results could be due to the numbers of *Rickettsia* present in the blood sample being less than the limit of detection or that *T. rugosa* is not a main host. Further work on tissues would be required to determine if *Rickettsia* remain viable, but quiescent, in any organ of the lizards.

Although further work would be required to identify if this species of *Rickettsia* causes disease, as *B. hydrosauri* are known to feed on humans \[[@B12-pathogens-05-00041]\], our results indicate a greater potential for humans to be exposed to a potential vector of disease than previously thought. This reptile and tick association occurs across a large area of Southern Australia, particularly in South Australia in rural areas close to Adelaide. Further work would be required to understand if the prevalence in the studied area is mirrored elsewhere in the ticks range in South Australia or in other tick species or indeed if the same species of *Rickettsia* is involved in different parts of the tick and lizards range. Future studies comparing these samples to clinical isolates would provide insight into the epidemiological significance of these results and how the prevalence of *Rickettsia* in *B. hydrosauri* hosts affects the incidence of spotted fever rickettsiosis in humans.

Finally, we have potentially uncovered an unnamed species of *Rickettsia* which has previously only been reported from the reptile tick *Amblyomma fimbriatum* \[[@B13-pathogens-05-00041]\] from the Northern Territory of Australia, thus extending the range and potential vectors of this *Rickettsia*. Confirmation of this species would require isolation and further genomic characterisation. The disease causing nature of this species also needs to be confirmed.

3. Experimental Section {#sec3-pathogens-05-00041}
=======================

3.1. Sample Collection {#sec3dot1-pathogens-05-00041}
----------------------

We utilized 35 adult male, 1 adult female, 3 nymphs and 2 larval *B. hydrosauri* ticks harvested from 35 *T. rugosa* hosts captured from the South Australian Murray Mallee (SAMM) region during a previous study \[[@B14-pathogens-05-00041]\]. Sampling was conducted in the hot and dry summer months of November to February on days when the ground temperature was \<28 °C. We also sampled blood from the caudal vein of a subset of 15 lizard hosts.

3.2. DNA Extraction {#sec3dot2-pathogens-05-00041}
-------------------

DNA was extracted from 41 whole ticks using the PowerSoil^®^DNA Isolation Kit MO BIO Laboratories, Inc., Carlsbad, CA, USA) following manufactures instructions, additionally incorporating homogenization by 0.1 mm zirconium bead-milling to disrupt bacteria. DNA extraction from the blood of lizards followed \[[@B14-pathogens-05-00041]\].

3.3. PCR Detection {#sec3dot3-pathogens-05-00041}
------------------

*Rickettsia* specific qPCR was performed using the Rotor-Gene^®^ SYBR^®^ Green PCR Kit (Qiagen, Victoria, Australia) and previously described primers \[[@B15-pathogens-05-00041]\]. All samples were tested in duplicate. The 25 μL reactions contained 12.5 μL of Rotor-Gene SYBR Green PCR Master Mix, 5 μL RNase-Free Water, 1 μM CS-F (5′-TCG CAA ATG TTC ACG GTA CTT T-3′) , 1 μM CS-R (5′-TCG TGC ATT TCT TTC CAT TGT G-3′) and 2.5 μL of template DNA (ca. 20 ng). The cycling conditions included an initial hold at 95 °C for 5 min, followed by 40 cycles consisting of 95 °C for 5 s and 60 °C for 10 s. All PCR reactions were carried in a RotorGene 3000 (Corbett Research, Sydney, Australia) with data acquisition at 60 °C on the Green channel (excitation at 470 nm, detection at 510 nm) at a gain of 9.67. Melt curve data was also acquired on this channel using a ramping rate of 1 °C/90 s from 60 °C to 95 °C. Each PCR run included a positive *R. honei* control (Australian Rickettsial Information Laboratory in Geelong, Victoria, Australia) and a non-template control of nuclease free water (Qiagen, Australia). For each reaction the melt curve was analysed and a positive *Rickettsia* result was confirmed with a melting temperature (T*~m~*) of 78--79 ± 1 °C as shown in [Figure 1](#pathogens-05-00041-f001){ref-type="fig"}.

3.4. Sequencing of Positive Samples {#sec3dot4-pathogens-05-00041}
-----------------------------------

We sequenced the PCR products from a subset of 10 positive tick samples to identify the *Rickettsia* species amplified. PCR products were purified and sequenced by the Australian Genome Research Facility Ltd (Adelaide, Australia) using previously described primers CS-F (5′-TCG CAA ATG TTC ACG GTA CTT T-3′) and CS-R (5′-TCG TGC ATT TCT TTC CAT TGT G-3′) \[[@B15-pathogens-05-00041]\]. After a positive match with *Rickettsia* with this small fragment, the samples were amplified with primers Rr190.70p (ATG GCG AAT ATT TCT CCA AAA) and Rr190.602n (AGT GCA GCA TTC GCT CCC CCT) \[[@B16-pathogens-05-00041]\] and eight PCR products were successfully sequenced. All sequences were analysed using the Basic Local Alignment Search Tool (BLAST) \[[@B17-pathogens-05-00041]\].

4. Conclusions {#sec4-pathogens-05-00041}
==============

This study provides an insight into the prevalence and variety of Rickettsioses in South Australia. Intriguingly, we did not uncover the causative agent of Flinders Island spotted fever, *R. honei*, but possibly a yet unnamed species. This study was the first to identify *Rickettsia* from South Australian *B. hydrosauri* ticks collected from *T. rugosa* (sleepy lizard) hosts. These findings identify *B. hydrosauri* as a potential vector of multiple *Rickettsia*. All *T. rugosa* hosts were negative for *Rickettsia* spp. which could be indicative of the limit of detection or could suggest the absence of horizontal transmission from tick to lizard host but does not exclude this form of transmission. This potential absence of horizontal transmission could be explored further through the testing of lizards using serology methods. Further work is also required to characterize the unnamed *Rickettsia* species found.
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